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smoke" is what prevents damage from frost, are not altogether 
correct in their statements. The pots for open coal fires are 
effective only in part and over quite liinitecl areas. For low 
temperatures the proper inethocl is to use a cover, and sup- 
plement this, if necessary, by small stoves and shallow pans of 
hot water. 

THE FIREBALL OF SEPTEMBER 20,1909. 
- - __ 

By Prof. FRANK W. VERI-. Dated Weatwood. hlnss.. SeptemLcr 21, 1009. 

At about twelve minutes before 8 p. m., =t three minutes, my 
wife saw a fireball low in the NNW. Wlieii first noticed it was 
near 43 Urse Majoris, and descencletl in a vertical clirectioii to 
the horizon in ahout two seconds. There was a Iwight, nucleus, 
apparently several minutes in sensible diameter, which was 
surrounded by a pale green conia of circular shape and about 
as large as the full niooii when seen near the l~orizon. The 
appearance was that of a white light seen through a green 
gauze. The brightness of the entire object was perhaps half 
that of the crescent inooii then visible low in the western sky, 
but instead of the yellow tint which the nioon would have had 
if near the horizon, the fireball eshilited a deciclecl green color, 
although it would be called a pale green, i. e., a niixture of 
green and white. Tlie motion was a halting one, an alternate 
slowing and quickening, repeated twice or thrice. This may 
have represented a real revolution in a vertical plane J )ou t  a 
more massive, but less luminous coiiipanioii bolide. 

If we assunie that the meteor, when first seen, had an alti- 
tude above the horizon of 11.5' (sin=O.2) and a height ahove 
the earth's surface of 60 miles, its distance was roughly d M J U t  
5 x 60=300 miles, and the red tliaiiieter of the coma woulcl 
have been about 3 miles. The greenish color may have Ileen 
due to the prominence of the green carbon band in its spectruin, 
and if so, the coina may have been a flame of carbon or hydro- 
carbon particles continuously produced from the iiucleus ant1 
as rapidly consumecl. If the bolide were inoviiig 15 niiles per 
second it would pass through the diameter of the conia in 1/5 
second, and this t inie interval iiiust represent approximately 
the duration of the flame, since there was no appreciable elonga- 
tion of the coma. This gives for the velocity with which the 
particles (of carbon?) were espelled from the iiucleus 1.5/0.2= 7.5 
miles per second, or one-half the assumed speed of the holiile, 
which is not an improbahlc figure. Bearing in mind the es- 
treme rarification of t.he oxygen atmosphere at a height of 60 
miles, carbonaceous particles, even in an estremely fine state 
of division, may plausibly be assumed to travel through a 
distance of 1$ miles, the radius of the coma, before being 
entirely coilsuniecl . 

The light was such as may have come from white hot in- 
candescent particles of carbon or other solid material, niised 
with a green gaseous flame. The intensity of light! froin the 
full moon being about 11% candle-meter or 1/50 caiirlle-foot, 
that of the crescent nioon may have been 1/500 candle-foot, nncl 
that of the fireball 1/1000 canille-foot. At, a clihtmce of 300 
miles= 1,584,000 feet this gives a total origins1 brightness 
equal to that of a million powerful arc lights of 2,500 cnndles 
each. This distributed over a section of 21 iiiillioii square feet 
gives 119 candle power per square foot. But since the actual 
conipositioii of the coma was probably not that, of a continuous 
flame, but rather that of a swarni of minute flaming paiticles 
separated by wide spaces, the intrinsic brightness of the flame 
can not be fountl. 

TORNADOES IN KANSAS. 

On the afternoon of June 24 there was a series of about seven 
tornadoes within a radius of 20 miles in Norton County in the 
northwest part of the State, and great clmnage was done to 
live stock and buildings, but., fort.unately, no person was killed 
though there were a number of very narrow escapes. The one 
farthest north formed near Devizes and nioved northeastward 

through Hcndley, Nehr. Four or five other tornadoes formed 
from 4 to 10 miles iiorthwst of Norton, each moving 
towartl the northeast. In their paths houses, outbuild- 
ings, fences and mindinills were destroyed and in some in- 
stances entirely blown away. About 83 head of live stock were 
either killed or badly injured. These disturbances were ac- 
companied hy heavy hail over narrow bands of country and a 
violent tliuiirlerstorm. The cloud of the last of this group of 
tornadoes resembled the letter "S" lying on its back thus m. 
The seventh tornado foriiied about (i miles north of Lenora. 
It was a vertical column and moved slowly, traveling only 
about 4 miles in forty-five minutes, and people had time to get 
out of its way. The paths of the tornadoes were from 120 to 
400 feet wide. The value of the property destroyed is esti- 
mated at $22,500. Further details are given in the Monthly 
C'limatological Report, Iiaiisas section, for June, 1909.--T. B. 
J e m  ings. 

TORNADOES IN MISSOURI. 
(ErtraPt from Monthly C'limntolog~esl Report. MiasoUrl Sectdon, June, 1909.) 

Tlie weather map of Julie 22, 1909, showed a barometric 
depression over most of the territory lying between the Mis- 
sissippi and the Rocky hfountains, and extending from Sonora, 
Xlesico, to hIaiiitoba, Canada, with rather well-developed 
lows at  both extremes. On either side of the depression were 
fairly well-formed highs, one resting over the South Atlantic 
States aid  the other over the north Pacific slope. On the 
cast side of the low area the temperature gradient was decidedly 
Aat, the isotherm of TU' passing through the middle and follow- 
ing the general trend of the depression; on the west side there 
was a temperature gradient of about 30 degrees in 500 miles. 

While this distribution of pressure would indicate thunder- 
storms, or inore nccurately thundershowers, one would hardly 
cspect tornadoes;. Yet, several severe local stoms having 
tornado characteristics occurred in PVIissouri on the date men- 
tioned. The most noteworthy of these occurred near Monett, 
Barry C'ouiity, in the southwestern part of the State. The 
tornado, which, from reliable reports, had a well-defined pen- 
dant funnel-shaped cloud, was first seen between 8 and 9 p. m., 
central tinit.. about 3 niiles southwest of hlonett, whence it 
moved eastward leaving the ground when about 3 miles south- 
east of that village; thence it travelled northeastward, again 
touching the ground aliout 12 miles northeast of Monett near 
Aurora, Lawrence County, where, however, it did no damage, 
and then disappeared. 

The section of country over which the storm passed is com- 
pzratively thinly settled. The storm's path averaged about 350 
feet. From the evidence furnished by fallen trees and other 
wreckage, tliere must have been a decided rotary motion to the 
storm. The estimated clamage and loss to property and live 
stock was about 88,000, of which at least 81,000 is covered by 
turnatlo insurance. Only one person was killed, so far as could 
be ascertained, and seven injured. Some fish were found a 
quarter of a mile from a pond which lay on the path of the 
tornaclo.-George Reeiler. 

WEATHER CYCLES IN THE GROWTH OF BIG TREES. 
By  Prof. A. E. DOUGLASS, D. Sr. Dated Tucson, A r k ,  October, 1908. 

in the Monthly Weather &view the diagrams furnished by Prdm 
Dougltuw, the Editor asked him kindly to furnish the table of original 
niea.~urementr so that students of this interesting subject may have at 
hand the V~IUIIIJIC niaterial Cor further investigations, which indeed now 
gives this memoir a specidly high vrrluc.--C. A .  

Climatically Arizona is clivicled into two parts, the northern, 
a great plateau at an average elevation of 6,000 feet, and 
the southern, a broken country consisting of scattered moun- 
tain ranges separated by broad level valleys averaging some 
2,000 thousand feet above the sea. The higher, elevations, 

NOTE BY THE ~DITOR.-~ l l z tr l l lUCh fl.3 it WnS impoaqible to reproduce 
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culminating in the San Francisco Peaks near Flagstaff, are 
covered with great forests of yellow pine (Pinus powderosa), a 
fine timber tree with heavy cylinclrical trunk ancl a rather 
bushy top. The trees are scattered gracefully over the plains 
and hills and, with the remarkable absence of undergrowth, 
render travel through their shady midst attractive and delightful. 

Contrary to Arizona’s reputation, northern Arizona has 
really a cold climate. Several feet of snow lie on the ground 
during winter, and t.he sumnier evenings we rarely warni 
enough for one to sit outdoors. For centuries these mag- 
nificent pines have stood there enduring all the vicissitudes of 
heat and cold, flood and drought. They should contain some 
record of such alternations. Other studies of weather varia- 
tions have been made upon records extencling back from twenty 
to fifty years. These trees, if they prove to convey such in- 
formation a t  all, will yield data covering two to five centuries. 

The working hypothesis which in 1901 and before gave n 
beginning to the collection of material along these lines was as 
follows: (1) the rings of a tree measure its food supply; (2) 
food supply depends largely upon the amount of moisture, 
especially where the quantity of moisture is limited and the 
life struggle of the tree is against drought rather than against 
competing vegetation; (3) in such countries, tlierefore, the 
rings are likely to form a measure of the precipitation. In 
planning the work three fundamental steps were anticipated. 
First, to prepare a curve of tree growth; second, to find if there 
exists in this any connection with precipitation; third, by carry- 
ing this back through long periods to find whether meteoro- 
logical variations, if discovered, show association with astro- 
nomical phenomena. 

REASONS FOR PURSUING THE INVESTIGATION. 

That tree growth does give a fairly accurate record of precipi- 
tation in its own vicinity is evident from an examination of the 
acconipanying figure (fig. 3). In it the curve of minud growth 
represents the average of 25 trees for the eight years during 
which the United States Weather Bureau station has been 
located a t  Flagstaff, Ark. The trees were scattered over an 
area of 12 to 15 niiles in extent near that town. The curve of 
rainfallgives the annual precipitation for years beginning Y A oveni- 
ber 1. This division of the year is taken because precipitation 
in November and December is almost invariably in the form of 
snow, and it.s benefit to the trees goes over into the following 
year. Evidently this arboreal new year depends on temperature. 

It is at once apparent that the annual tree growth becomes a 
very close measure of the annual precipitation.’ A similar 
agreement over longer periods of time is shown in fig. 4, where 
a comparison is macle between the tree growth derived from 
the first six trees, and the average precipitation over longer 
periods at more distant stations. The rainfall curve is a “nine- 
year smoothed” curve from Prescott, Ariz., distant 67 niiles 
southwest. By “ nine-year snioothed” is meant, not the pre- 
cipitation for each year in its place, but the average of a nine- 
year group. As in these longer periods we we studying the 
general condition of the country rather than the individual 
year, and as good or bad conditions of the country require 
much time, perhaps years, to be overcome, the average of each 
of these groups of nine is placed a t  the end of the group instead 
of at its center. A strong connection between the precipitation 
at Prescotmt and the annual tree growth nearly 70 niiles distant 
is evident. A general consideration of this topic leads me to 
the opinion that the agreement between tree growth and rain- 
fall is fairly close in the neighborhood of the trees, but that 
for niore distant localities, such as Prescott, Ariz., (67 niiles 
southwest), and the California coast (500 niiles west) the agree- 
ment in individual years is not to be espected, although aver- 
ages of three or more years show strong similarity. 

Prof. E. E. Bo ue, of Lansing, Mich., in the Monthly Weather Review 
of J U ~ %  1905, fin& this connection. 

-_ -_ ____ __ . 

ONE RING TO A YEAR. 

In comparing rings and the rainfall over long periods of years, 
a preliminary condition is that the time of formation of any 
individual ring shall be subject to identification. As a rule the 
individual rings of the trees are extremely well marked ancl 
leave no doubt whatever as to their purely annual or seasonal 
character. However, doubtful cases occasionally appear, with 
greater frequency near the center of the tree. For the last two 
hundivcl years, I estimate that 2 per cent is the average number 
of doubtful cases. The arguments bearing upon this subject 
are as follows: (1) the agreement shown in fig. 3 between tree 
growth and rainfall in individual years shows the yearly char- 
acter of the rings; (2) a t  the 7,000 feet of elevation a t  which 
these trees grew, the seasons are very sharply defined; the 
mean temperature for January is 29” F., and for July is 65” F.; 
frost, therefore, gives a sharply seasonal character to the 
growth; (3) the examination of stumps and logs a t  different 
srasons during several years showed entire consistency in the 
forniation of a narrow red ring in autumn and winter and a 
IJroad, soft white ring in summer; (4) in the investigation of 
uncertain cases, i t  is a great help to trace the doubtful ring 
around different portions of the tree. In  some other part, the 
ring’s claim to individuality is often clearly settled. 

In deriving the tree growth since the year 1700 it may be 
assuihed that as many errors have been made in one direction 
as in the other, and they tlierefore neutralize each other. Their 
effect is simply to lessen the intensity of the variations in the 
tree. As to location of errors, I doubt if there are any appre- 
ciable ones subsequent to 1760. Prnctically all the estimated 
2 per cent of cases come between 1700 and 1760. On account 
of the comparative frequency of doubtful cases in the early 
rgs inof a tree, these rings were not made use of in forming the 
ineans. 

COLLECTION AND MEASUREMENT OF SECTIONS. 

In January, 1904, I visited the log yards of The Arizona 
Lumber and Timber C‘o., Flagstaff, and spent several hours in 
the snow, measuring the rings of section No. 1. For all sub- 
sequent numbers Mr. T. A. Riorrlan, President of the Com- 
pany, most kindly came to my assistance by having thin sec- 
tions cut  from the ends of logs or stumps and sent to me in 
town, there to be nieasurecl more conveniently. Sections VI1 to 
S S V  were cut a t  my direction on the spot where the tree grew, 
ancl where I was able to mark the points of the compass on the 
sections and otherwise identify and describe their location. 
These 19 sections were freighted to Tucson, where the work 
work on them has been done. 

The measures consist in determining the raclial thickness of 
each annual ring in millimeters. For this purpose a steel meter 
rule was placed radially on the section, and by the aid of a 
magnifying glass, the position of every ring was read off on 
this scale. Mr. Willard P. Steele rendered most valuable 
assistance as recorder. The average age of the trees was three 
hundred and twenty-four years. With the extra measures 
taken for one purpose ancl another the total number of original 
measures was nearly ten thousand, and subsequent calcula- 
tions have tripled that number. The rings proved remarkably 
susceptible to measurement. That which I call the winter or 
autumn ring is a thin, hard, pitchy ring, somewhat indefinite 
on the autumn side but sharply bounded on the spring side. 
That sharp side was therefore the point measured. The sub- 
stantial growth of the tree consists of a wide, white, pulpy 
summer ring. Under the microscope the winter cells look lean 
and emaciated, while the sumnier cells are round and well fed. 

Lists were then made of the sixes of individual rings of every 
tree, and these again were combined into three groups, con- 
sisting of A, sis trees from about 3 miles south of Flagstaff; 
B, nine trees from about 12 miles southwest of Flagstaff; 

REDUCTION. 
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and C, ten trees a mile east of the last group. I take this 
opportunity of thanking several persons who assisted me in 
these reductions. 

These groups, as above described, were stucliecl in order t o  
differentiate between accidental variations in the incliviclual 
tree and general variations due to some prevalent esternal 
cause. Any given characteristic found in these three groups 
separately could certainly be relied on as clue to some cause 
outside the trees. A coinparison clearly reveals the entirely 
general character of the longer periodicities hereinafter dis- 
cussed, and shows also many lesser variations common to the 
three groups. 

One interesting group characteristic is brought out by a 
knowledge of the location at which the trees grew. It will bc 
noticed that the group A of six dropped to its strong iniiiiina 
in 1780 and l8SO more promptly than the others, B antl C. 
This appears to be connected with the soil upon which the trees 
grew. Group d stood on a limestone formation where the soil 
is porous and the rocks below full of cracks. The other 
groups grew on recent lavas, very compact and unbroken, 
covered with a rather thin layer of clayey soil. With the 
former, A, therefore, the rain passecl quickly through tho soil 
and away, and we clo not see so much of the coiiservation of 
moisture as in the other groups where the water coulcl find no 
convenient outlet. 

The average of the three groups, A, B, C, gives us the final 
curve of tree growth. The large pronounced iniiiinia here 
shown had been previously found in the separate groups. The 
crtrong minima in the years lSS0, lM5, etc., gave ail average 
period of about thirty-three years. But it was also evident 
that a shorter period of about twenty years was proclucing a 
well-marked effect. The combination of these two periods 
altered the time of observed masima and minima to such an 
extent as to hide the true values of the periods. The two curves 
were separatecl in the following manner. A thirty-three-year 
sinoothecl mean was made. This being the period of the longer 
variation, the longer variation itself clisappears; )Jut as this is 
one ancl one-half times the shorter variation the latter remains 
in the curve as a smothered reversed curve. The regular 
fluctuations in a period of 31.8 years are eviilent enough on 
close scrutiny. 

Having the 21.3 variation isolated, it! was easy to separate 
the other, which proved to  be closely 32.5 years. Harmonic 
curves representing these two periods are sliown in the lower 
part of the figure. Their combination is shown in the upper- 
most curve, drawn close to the curve of tree growth for ready 
comparison. The accordance in all pronounced variations is 
most striking. If one were given this combined hariiioilic curve 
and told to compare it with the annual growth of 25 trees in 
the great forest of northern Arizona, it would be quite beyond 
the possibility of mere accident that he should fincl the exact 
agreement exhibited. 

As a check on the prececling result the older trees were se- 
lected and an average of seven taken over a period of three 
hundrecl and fifty years. In aclclition to that, the oldest two 
were averaged for a period of four hundrecl antl seventy-five 
years. At the top of fig. 9 is placed the harmonic curve de- 
rived as described in the last paragraph. These check curves 
support the results obtainecl. 

One point of great botanical interest has already been men- 
tioned, namely, the immediate correspondence between yearly 
rainfall and tree growth. Another important point has been 
touched upon, namely, the speed of growth in relation to the 
soil beneath. On the whole, the growth seems to be more 
rapidly influenced by changes of moisture upon limestone than 
upon volcanic rocks. I am not sure that there is much real 
ditrerence in average speed. Another point appeared in fig. 8, 

ANALYSIS OF THE CURVE. 

BOTANICAL CURVES. 

in the line of tree growth uninfluenced by external factors. 
That rate of tree growth is represented in fig. 10 where the 
relation between growth aid radius is illustrated in the upper 
part of the figure. If the trees were simply increasing in 
diameter without growing upward, the size of the rings would 
be inversely proportional to the radius of the tree section, 
ot,her things being equal. If the food of the tree were d i e  
tributecl in upward growth as well as in circumferential in- 
crease, the size of the rings would be inversely proportional to 
the square of the radius. It will be seen that the actual curve 
of growth is between these two. 

Tho lower section of this same figure gives the point of the 
compass t,owarcl which the maximum trunk growth occurs. 
It is a little east of north. This result comes from the 19 
t.rees of groups B ancl C. The average variation between the 
niasiinuin growth in the northerly direction and minimum 
growth to the south is 12 per cent. The explanation of the 
increased growth to the north is in the increased amount of 
moisture on that side, clue to tlie slower melting of snow and 
the decreased evaporat.ioii in the shade. For nearly all these 
trees, also, the grouiicl hac1 a gentle slope toward the south, so 
that moisture working down hill would come to the north side 
first. All of these f ads  agree in pointing to moisture as the 
factor of greatest iiiflueiice in tree growth. It appears prob- 
able that, the red winter rings in the trees are governed directly 
by lowness of temperature, aid the white rings by abundance 
of innisture. 

There are portions of tlie curve of tree growth which suggest 
a sis-year variation, e. g., 18-10 to 1870, also 1740 to 1760, 
represented in fig. 11 and others. In attempting to find con- 
nection, if any, between the longer growth variations and 
iiieteorological elenients on the California coast, the precipita- 
tion in the latt,er region was reduced to a nine-year smoothed 
curve as shown in the figure. On plotting this curve, a six- 
year variation became at once evident. This shows remarkably 
in the exhibited curve of “’Frisco’’ rainfall. The minima 
appear almost equally well-marked in the San Diego curve, and 
a trace of them may be discerned in those of Yuma and Pres- 
cott. The rainfall curves of Santa Fe and El Paso seem to be 
reversals of the coast t,ypes. 

This Pis-year variation is apparent in the rainfall of San 
Francisco for the last half century as published on page 11 of 
“Climatology of California,” by Alexander G. McAdie (Weather 
Rurenu Bulletin Ll. In  this diagram, the minima show a fair 
distribution on a sis-year interval. 

Both in the Sen Francisco rainfall curve mentioned and in 
the curves of the last figure these six-year periods appear to go 
in pairs, forming a full period of between eleven and twelve 
years. I n  the temperature curves in fig. 12, the approxi- 
mately eleven-year character of the curve is more apparent. 
For esaniple, t.he Sacramento annual mean temperature has 
niasiiiia in 1S51, 1864, 1875, 1885, 1896. The San Diego tem- 
perature curve hm minima in 1859, 1870 (or later), 1880, 1894. 
The average value of this periodic change in many curves is 
11.3 years, and it is upon this period that the investigation is 
continued. 

Variations of weather elements in the eleven-year period are 
not new (see Prof. F. H. Bigelow’s “Studies of the Diurnal 
Periods in the Lower Strata of the Atmosphere,” MONTHLY 
WEATHER REVIEW, July, 1905). 

St the top of the figure is found the annual mean precipita- 
tion for the last fifty years, a t  San Francisco (the dotted line) 
and San Diego (the broken line), and their average (the con- 
tinuous line), plotted in a period of 11.3 years. This curve 
shows two well-marked masima dividing the whole interval into 
two similar halves. 

So far as this curve is concerned, the variation is on a 5 213- 

SUGGESTIONS OF SHORTER PERIODS. 

ELEVEN-YEAR PERIOD. 
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year period. But this curve is so closely rclatecl to tlie curve 
of temperature below it  that it is still best to regard it as liaviiig 
the double length. 

The temperature curve is derivecl from tlie San Diego records 
since 1851, and shows the unniistakable eleven-year period, 
since it can not be divided into two equal parts. Below that is 
given the inverted sun-spot curve for the years l8G4 to 1874, 
plotted from Youngls General Astronomy. Lastly is given the 
11.3-year period of tree growth, including the final averages of 
25 tree sections for the years 1701 to 19013, inclusive. In order 
to effect a comparison between these curves, they are all cal- 
culated as beginning at the same epoch-namely, the year 
1863.0-and in the figure the period is divided into ten equal 
parts. Each part therefore represents a little over one ycnr. 

Now, to express the causal relation between these phenomena, 
one should consider first the inverted sun-spot curve. The 
sunspot minimum occurs at a point between .3 and .4 along 
the interval, and the maximum occurs between .7 ancl .8. The 
sun-spot minimum is accompanied by, and presumably causes, 
the temperature niasiinum, tlie sun having fewer ‘ I  cooling 
spots” on it. The difference thus produced between inasiniuiii 
and minimum temperatures is nearly 2” E’. The temperature 
maximum, at .3, is quickly followed by, and presumalily 
causes, the maximum in precipitation. The rise to tlie average 
from the minimum temperature accompanies the seconcl inmi- 
mum in precipitation. Tlie proportionate total variation of 
rainfall is over 40 per cent of this inem. It is a longer jump‘ 
than one likes to go froni coast rainfall to northern Arizon:i 
tree growth; but that is the best we can do a d  use long serics 
of weather observations. Tlie tree-growth curve has the same 
form as the rainfall curve, cscept that it drops more quickly 
from maximum to minimum. Its variations are in the neigh- 
borhood of 3 per cent. 

The tracing of the sliort v:triations in tree growth to solar 
influence suggests a cause for longer periocls. In fig. 14, a t  

‘Mast climatologists will agree that tlie great distance and roiupletc 
topographic change covered by  ;his “jump” a k  sufficient to make abortive 
any attempt to correlate Pacific comt precipitation with trce gron.th in 
northern Arizona. 

Concerning the supposed influence of sun spots on terrwtrial tpmper:i- 
tures, rainfall, ~ree growth, etc., the reader is reminded that this whole 
question of sun spots and terrestrial meteorology still remains in the realni 
of speculation and has not advanced bryond. It is to 130 noted that in 
the present work Professor Douglaqq finds chat sun-pot minima are epoch3 
of rainfall maxima and temperature maxkna. In the work hy Bjgelow 
which he quotes (Monthly Weather Review, November, 1903, 3 1: 515, fig. 
13), Bigelow finds that the temperature curvm vary directly with the sun- 
spot curves on the Pacific coast, arc’ indifferent to them in northern Ari- 
zona, and vary inversely with them in the west Gulf Mtntes. 
On the other hand, while Bigelow and Douglaw seem to  disagree nlwut 

the relation between sun spots and knipernture, Newcomb, Koeppcu, and 
others have found that the synchronism between sun spots and teinper- 
ture fluctuations is very hard to  perceive and that the tenilwrature residu:ils 
are insignificant. In  a recent monumental work (Trans. Amer. Phil. Bor., 
1908, 31: 309-387) Newcomb has demonstrated: (1) That  the eleven-year 
period in temjwature has an amplitude of but 0.26” C. or 0 . 4 7 O  F.; (3) That 
the epochs of masimum temperature precede the sun-spat minima I,y 0.33 
year, while the minimum temperatures follow the sun-spot m:wima by 0.65 
year. Newcomb comes to the general conclusion that  “all the crrfinnry 
phenomena of temperature, ruirijalZ, arid ~ ~ i r i d s  ore due to pwdy  fcrreslrictl 
causes, arid that ?M eharigesoceitr i r i  the sim’s rurliatwn rcrkieh haw any iiij7ic- 
ence upon t h m ”  (p. 3S-l). C. G. Abbot Mnn. Astrophys. Obs., Sm. Inst., 
1908,2: 177-201) finds that ‘ I  the intcnsity of solar emission varies consider- 
ably ’’ and that the average temperature of a large number of inland sta- 
tions is above the normal at the time of the sun-spot mininium ‘(so that 
the solar radiation is more intense at tht: sun-spot minimum,” hut lie also 
finds that the temperatures are allout nornial at the sun-spot masima, and 
that the temperaturn show but 0.0” C. estienw fluctuation on cither side 
the nornial. 

The question of a causal connrrtion between sun-spot fre uency and thc 
growth of the great Arizona pines is evidently not yet settlej. Our readers 
will find it more useful and piofitable to study actual weather conditions 
and ground-water conditions in connection with the growth of plant.;;. 
rather than to search for such mnote influences as thase p&bly eserted 
by sun spots.-C. A., j r .  

MEANING O F  THE LONGER PERIODS. 

_- - - -_ - -. - -_ .- -_ - _ - - - - - 

the top, is a snioothecl curve of Saii Diego temperature, and 
below it a smoothed curve of Prescott precipitation. The con- 
nection between these is of tlie same sort and just as striking 
as that between the coast temperature and rainfall. Below 
the Prescott curve is the smoothed curve of t rw  growth show- 
ing, as is entirely reasonable, a delay of a few years in reaching 
its minima and niasima; for the general effwt of good and bad 
years on the trees may last for some time. This lagging is well 
seen in a direct comparison between the coast temperature 
and the tree growth, and amounts to perhaps six or seven years. 
The ainount of tShe tree growth variations is immense, fully 
reacliing 25 per cent above and below the average. These 
longer variations therefore indicate far more profound and 
imiriense fluctuations in their cause than the lesser inequalities. 

But as the causal relation from solar activity to tree growtli 
is found in the lesser inequalities, it seems fairly evident’ that 
the cause of the longer variations is to be found in solar changes 
of great magnitude in periorls of npprosimately 21 .a and 32.8 
years. The intensity of these variations, judging by their 
cfl’ects, may be even as much as eight tinies greater than the 
solar clianges involved in sun-spot phenomena. 

SUMMARY. 
The following is a summary of the periods here observed. 

Miiiinium in 1SSO.G. 
Variation about ‘75 per cent from mean. 
Minimuin in 1854.3. 
Yariation about 7 per cent from mean. 
Mnimuni in 1SD3.5. 
Yariation about 3 per cent from mean, but 

Variation in coast rainfall. 
Miiiiiiirini in 1865.2. 
Variation 20 per cent from mean. 
Variation in coast temperature. 
Minimum in lS64.5. 
Total variation 1.SO” F. 

Since the variation in tree growth in the eleven-year period 
averages only 3 per cent and in the longer period averages as 
high as 25 per cent, it is evident that we are in the latter con- 
sidering factors of niost profound influence upon biological con- 
ditions upon the earth. Sucli factors could easily affect crops 
ancl all products of a vegatational character, and full know- 
ledge regarding them is of the utmost importance. If my 
reasoning has been correct, therefore, we have nom made a 
1)eginning of definite knowledge of these factors by aid of the 
great pine trees of northern Arizona, and have established a 
method of study worthy of estension to other great forests of 
tlie world. 

In tree growth : 
I. 32.S years. 

11. 21.2 years. 

111. 11.3 yearn. 

In weather elements: 
IV. 11.3 years. 

estreiiiely variable. 

V. 11.3 years. 

NOTES FOR TABLE I. 

Table 1 presents the original scale readings from which can 
be clerived the yearly growth for each of the 25 trees discussed 
in the accompanying text. The first column gives the year 
near whose close the outer edge of each dark pitchy “annual 
ring” is supposed to have been formed. 

The following significant letters or niarks are used throughout 
the original manuscript table ancl will give the reader an idea 
of the care with which the observations were macle; but it has 
not been practicable to print all the items in detail in our 
present table. 

[ 1, squnre curvm i n d m  tht. scale reading on the edge of a ring or on a 
swondary ring. The small percentage of uncertainty in secondary rings 
h.3 IJrcn referred to in the test. 

I , the brace joins two rings that  I judge to be separate, but about which 
I there is a question. 

-, a dash between a reading and a bracketed reading indicates that the 

“At,” the letters “At” mean that the secondary ring is attached to the 

, 

ring is continuous between the two; the bracketed gives the inner edge. 
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primary, the dark mnterid fading soniewhat brtwerm tliv two. Thc two 
together obviously form the winter tkwe. 

D, signifies a double ring and is uwd in c m  where the sci-und ring ic) 

not measured. This usually applies to  cnsp~ wherr tha interval is too 
small. Invariably the ring is traced for sonie distaiim t o  discover whrthi+ 
it is one double or two separate rings. 

B, b, indicates that  the ring is broad comparcd with ndjwcnt rinw in 
that part of the section. The nniall letter ir gnerally u w c l  mar the outsidv 
d the tree where the rings are narrow, and the capits1 letter near the eentcr 
where the rings are all large. Rings thus marked h a w  a well-tlrfincd age. 
W, w, indicatrs a wide ring, distinguished froni brocitl by haring no well- 

defined inner edge. On the average broad and wide me:tn a wintvr ring 
having at least one-eighth of the total yearly growth. 

f, indicates a faint ring, which character, like breadth and width, is wti- 
mated by comparison with the adjacent region. 

The condition of the section is given as :t whole. The line 
measured was always selected very carefully with reference to 
freedom from foreign irregularities in the rings, such as arc 
caused by knots, and froin cracks or breaks. Any unavoidable 
cracks are mentionecl in the following reniarka. [The Editor 
has been able to publish only those itenis that rlirectly affect 
the accuracy of the measurements ancl averages that enter 
directly into the present discussion as to cycles of growth.4'. d .] 

Noles on each indiiiidicul section nteasiired it, Table 1. 
Sedwn Z, ye lhu pi~e.-The scale, divided to  millimeters, was read by 

drnat ion to  tenths of a ndlimeter or hundredtlis of a centimeter. The 
scale readings incnhased from the outer hark inward. The rending of the 
first break in the bark waa at 0.40 cm. The beginning of the red bnrk-ring is 
at 0.67 cm. The beginning of tlie lart sapring is at 0.80 cni., hence tllis is 
taken as the beginning of the growth for the year 1903, and 0.13 cm., or 1.3 
mm., aa the total growth during 1903. The scale readings incsertr;e totvmd 
the center of the tree up  to  5.57 cni. for lbi4 when the scale was rendjustcd 
to read 0.02 cm. at this point. A similar readjustment took place at 17M, 
where 25.94 cm. A crack in tlic wood 0.25 em. in width occuw a t  1656 
between the readings 19.92 and 20.17. The center of tllc scrtion is at the 
reading 29.35 cni. 

Sectwri ZZ, yellouy pine.-A crack of 0.16 cm. occuw betwren ltj50 (9.36 
em.) and 1651 (9.61 cm.) so that the annual growl h fo1 1651 is 0.0'3 nil. and 
not 0.25 cm. A crack of 0.03 cni. bdwren 1644 (S.75 cni.) and 1643 (s.60 
cm.) so that the growth for 1644 is 0.13 cm. and not 0.15 cni. A crack of 
0.15 cm. between 1599 (IS5 cm.) and 1595: (1.48 mi.) at the rentcr so that 
the growth for 1599 IS 0.33 cni. and not 0.3i cm. 

Seetiot, ZZZ yellow pii,~.--Thc divided scalc w ~ l s  readjusted at 1Fs5 SO 
that the readings 0.03 cm. and 37.27 cm. relate to tlie same ring. The 
center is at 1610 (12.90 cm.). 

Serfion ZV, yelloiu pine.-A crack of 0.01 cm. between 1 W  (14.67 c1ii.j 
and 1683 (14.60 cm.) so that the growth for 1GS-l is O.OB znd not 0.07 r111. 
A crack of 0.03 cni. tAween 16SO and l6Sl so that the growtli for 1 6 1  is 
0.06 and not 0.08 cni. A crack between 1639 and 113-10 bo that the gro\vth 
for 1640 is 0.05 and not 0.11 cni. A crack of 0.06 cIn. between 15i9 :inti 
1580 so that the growth for 1580 is 0.0s and not 0.14 cni. The centrr is :Lt 
0.35 cm. for the year 1528. 

&Wll V ,  blackjack (Quercus nigra).-A crack of 0.01 mi. betwtvn l i i i  
and 1778 so that  the growth for 1775 is 0.09 and not 0.10 cni. Thc ce~iter 
ig 7.00 for the year 1632. 

SdWn I-Z, blackjack (Quercus nigra).-The center iy at 31.30 cni. for the 
year 1691. 

Sedion VZZ, yellow pine.-Measured on the north side of the ccnter. At 
1875 (36.35 cm.) blue rot begins and u t  1M7 (25.rSO cni.) blue rot ends. The 
center is at 1702 (1.40 cm.). The total growth on the radii from the ccnter 
to the IC906 ring is as follows: on the 

North side, 39.5 cm. 
East side, 43.0 cni. 
South side, 37.9 rm. 
West side, 37.2 crn. 

Greatest, east north, -13.2 cni. 
Section VZZZ, yellow pine.-\!as measured on the west side of the center, 

At 15S7 (1.6s cm.) :I defcct in the wood. The wnter 
The total growth from the center to the 1906 ring is 

North side, 50.0 cm., defcrtive. 
East side, 50.0 cni. 
South side, 46.0 em. 
\ V e t  side, 55.5 cm. 

Great&, west, 55.5 cm. 
Seclion ZX, [yelloiu pitre?].-Crack at 1538 (0.05 cm.) so that the growth 

for 1538 is 0.09 and not 0.14 cni. C'mter at 1520 (25.95 cni.). The total 
growth from the center to  the 1906 ring on the 

North side, 37.0 cm. 
East side, 34.0 cm. 
South side, 35.0 cni. 
West side, 42.0 cni. 

Greateat, wesbsouthwest, 43.5 cm. 

west side of the tree. 
ia at 1577 (0.40 cm.). 

-as follows: 

Reciion S, gelloto pitie.-Mcasurcd ontlie west-northwest side. The center 
is tt t  1584 (0.40 cni.), The growth from the center to  the 1906 ring on the 

North side, 43.0 cni. 
East side, 41.0 cm. 
South side, 40.0 cni.? 
West side, 44.5 cni. 

Ch-atd , W~t-SOUthw~t, 45.0 ~111.  
Sectiou XZ, pel/oril pi~te.-hlrmured due t'mt of center. The center is at 

lM2 (0.70 em.). The t.ot.ul growth on the 
North side, 3i.5 cm. 
East side, 33.0 cni. 
S0ut.h sidc, 26.5 cm. 
\V& side, 32.5 em. 

Ckratmt., northwest, $2.0 cni. 

North side, 51.5 cm. 
Hast sidc 4S.O cni. 
South si& 44.0 cni. 
Wrst side, 43.3 mi. 

North sidc, 49.3 cni. 
East side, 42.0 cni. 
South side, 35.0 cni. 
\Vest side, 41.3 cni. 

Gt-eat.est, nort.lie:tst, 50.0 cm. 

Nortli sidc, 38.0 cni. 
East side, 40.0 cm. 
Sou1t.h side, broken. 
\\'est side. 35.0 cm. 

C;reatest.. nort.l~rmt, 43.0 cm. 

North d e ,  41.0 cni. 
E:ist side, 35.0 cni. 
South siilr, 34.0 cni. 

Greatest, e:irt 5" soufh, 41.0 cni. 

North side, 39.0 cni. 
E:& side 39.G cm. 
Soutli side, 39.s cm. 
\V& sidr, 35.5 cni. 

Greatest., east. 5" soudi, 40.0 em. 

(,2G.10 cni.). The total growth is on the 
North side, 42.0 cm. 
Enst. side, broken. 
South side, 39.0 cni. 
\Vest. side, 3S.O cm. 

Grcat.trxt., north-nort.Ii~~c~t., 43.0 cni. 
Section S 1-ZZZ, y t h c ~  pine.-Mea.wred north-northeast.. 

The total growvtli on the 
North side, 42.6 cm. 
Emt side, I46.571 cm. 
South eide, 3S.4 cm. 
West idc ,  39.0 cm. 

Section S Z Z ,  gdloia piiie.-hleti.wred on the northwest by north side. 
The renbvr is at 1392 (1.10 cni.). The total growth on t,he 

Section S Z Z I ,  gellow pine.-Al~t.sured northenut by north from the center. 
The ccnter is nt 1412 (0.00 cin.). The total growth on the 

Secfioti SIF. yelloiir pitie.-Mctwured west by south from the center. The 
center is at 15s.; (3S.10 cni.). The total growth on the 

Section SI ' ,  yeZluru pirrr.-~klc:wured west t north. The center is at 1554 
(60.50 cni.). The t.ot.:iI growt.h on tlie 

\vest sidg 37.5 CI11. 

A'ccfion S I - Z ,  pelloti1 pitic.--hlearured west by north. The center is at 
15.40 (1.10 cm.j. The t.0t.d growth on t.hc 

,I;tc!ii~ta ..S'l,-ZI, YfllOiiJ pitw.--hletlsurcd south. The center is at 1506 

The cenkr is at 
1603 (0.66 cni.). 

Cirentwt., north 5' west., 43.5 em.? 
h'ecticiri SZX, yelluici pinc.--Measured northwest by north. The center is 

at 1UBG (0.19 cni.). Thc total growth on blie 
North side, 37.7 cm. 
East. side, 31.0 defective.? 
South side, 32.3 cm. 
West side, 3S.S em. 

Chitest., northwest by nort,h, 44.3 cm. 
The rcadings for 1Fil-67 are unccrtain, and in m& of the sections the 

G or 7 lines nearest the ccnter arc uncertain [although no such ?? appear in 
the original manuscript t.ables 1. 

Seetion SS, yelloiii pitie.--l\lensured north. The center is at 1639 (1.70 
cm.). The total growth on the 

North side, 37.5 em. 
East side, 35.0 cm.? 
South side, 34.5 em. 
West side, 34.5 cni. 

Greatest, northeast, 43.5 cm. 
Secliou SSZ, gellour pim-Measured north. The center is at 1643 (4.00 

North side, 40.3 cni. 
East side, 4-1.0 cm.7 
South side, 37.0 em. 
West side, 36.0 cni. 

Greatat, northeast, 49.2 m i .  

em.). Thc 1.ot.aI growth on the 
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. . . . . 
9.08 
.Ml 

Sectwn XXIZ, @low pine.-Measured northweat. The center is at  1570 
(0.10 cm.). The total growth on the 

North side, 45.- em. defective. 
East Bid 40.8 cm. 
South m2e, 32.6 cm. 
West side, 38.5 cm. 

Greateat, north-northwest 4 weat, 46.4 em. 

SBCrion XXZZZ, &low pine.-Measured north-northwest. . From 1639 
(16.00 cm.) to 1657 (16.95 cm.) the measurements were crossin a crack. 
The center is at 1521, (-0.05 cm.) and from 7.5 cm. to  11.0 cm. t f e  circle of 
ring shows comiderable irregularit . The total growth on the 

North si& 41.0 cm. 
East sid 42.0 cm. 
South sl%.e, 44.0 cm. 
West side, 47.7 cm. 

Greatest, southwest by south, 45.2 cm. 

. . . . . . 38.95 .54 .IS .7O .46 .72 .SI  53.94 .77 .S1 64. '94 ..........., .S6 I .40 I .Os ! .64 ' .44 .68 .ti0 .17 . i3  .78 .90 
00.16: 8 0 ,  "9 08 .5Y ' .4U .63 .75 .84 .70 .74 .83 

.3U 167 I :i5 I 103 I 53 .37 .56 .73 .78 .66 . 7 ? '  .75 

Sectwn XXZV, @lot0 pine.-Measured east 10" south, and reading were 
to  0.5 mm.; there was a crack of 0.2 cm. between 83.650 and 83.880 cm., 
so that  the annual growth is 1.1 mm. and not 1.3 mm., but 1.3 mm. has 
been used in the computations. The center is at 65.050 cm. The total 
growth on the 

North side, broken. 
East sid 36.5 cm. 

West side, 38.0 cm. 
Greatest, westsouthwest, 40.5 cm. 

south s3e, 34.5 cm. 

Section XXV, geUo2cr pine.-Measured southwest. Center at 1574 (0.73 
ern.). The total growth on the 

North side, broken. 
East aid broken. 
South 81%e, 31.0 cm. 
West side, 32.0 em. 

Greatest, north (?), 40.0 cm. (?). 
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TABLE I.-&igind SG& readings, in centimeters, of Dauglass’s mnsirremntS, &.-Continued. 

I. . . . . . . . . . . . 



JUNE. 1909 . 
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TABLE I.--(h.igind scde. in emtimeters. o j  Do~iglass's aieasurerneizls . dc.-Continued . 
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Table 2 gives the averages of the yearly growths for three 
groups of trees. X. Y. 2 . The nieasurements are all expressed 
in millimeters . The second and third groups. Y and Z. repre- 
sent trees selected for their great age from the 25 of the first 

TABLE 2.-.4mages oj the warly grodh for the three upgroups q/ tws . 
group Y . 

TABLE 2.-Awmges oj  the, t/eady gmwih, ete.--Continud. 

I Average growth . (I 1 Average growth . 
... I 

Group 
of 25 . 

Year . 

I- I ... I...- 1- II- . -- 
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i Averagegrowth . I Average growth . Mm . I 
0.50 
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0.56 
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1841 ......... 

0.56 
0.54 
0.51 
0.63 
0.49 
0.57 
0.67 
0.66 
0.71 
0.49 

lsso ......... ' 0.733 
1880 . . . . . . . . . I  0.644 
1898 ......... 0.m 

1870 . . . . . . . . . I  0.880 
1869 ......... ! 0.188 
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1713 ......... 
1713 ......... 
1711 ......... 

T-~RCE 2.-heragex of the yccrlg growth. etr.-continiied. 
!I ! I Average growth . I I Avcrnge growth . 

1.444 
1.558 
1.5'30 

.... II 'I_--.__- 

TARLE 2.--4mages oj  the yeorly grovth, &.-Continued. 

Average growth . 
.-____. 

Average growth . 
year . 

Group ! of25 . 
! 

iaia. ........ 
1811 ......... 
1810 .......... 
1809 .......... 
1808 ......... 
1607 ......... 
1808 ......... 
1805 ......... 
1801 ......... 
11103 ......... 
1801 ....... ..I 1803 .......... 

1800 ......... 
1700 ......... 
1798 ........ . I  
1707 ......... 
lf86 . . . . . . . . .  
1 7 s  ......... 
1781 . . . . . . . . .  
1793 . . . . . . . .  .I 
1793 .......... 
1701 ......... 
1790 ......... 
17RO ......... 
1788 ......... 
1787 ......... 
1786 ......... 
1785 ......... 
1784 ......... 
17 83 ......... 
1783 .......... 
1781 ......... 
1780 ......... 
1770 ......... 
1778 ......... 
1777 ......... 
1776 ......... 
1775 ......... 
1774 ......... 
1773 ......... 
1776 ......... 
1771 ......... 
1770 ......... 
I769 ......... 
1 7 1  . . . . . . . . .  
1767 ......... 
1766 ......... 
1765 ......... 
1764 ....... ..I 
1783 ....... ..I 
17lU ......... ! 
1761 .......... 
17W ......... 
1750 ......... ~ 

1757 .......... 
1756 ......... 
1755 ......... I 
1754 ......... ' 
1753 ........ .I 
1752 ......... I 
1751 .......... i 

1758 ........ .I 

1750 ....... ..I 
1749 ......... 
1747 ........ .I 
1746 ......... 
1745. ........ 
1743 ......... 
1742 ...... ...I 
1741 .......... 
1740 ......... 1 
1730 ......... 
1738 ......... 

1748 ........ .I 

1744 ......... i 

. ~~ 

1737 ......... ! 
I736 .......... 
1735 ........ .I 
1734 ......... I 
1733 .......... 
1732 .......... 
1731 ........ . I  

1730 .......... 
1729 ......... 
1728 ......... 
17%'. ....... .I 
1726 ......... ! 
1725 ......... 
1724 ......... , 
1733 .......... 
1722 .......... 
1721 ......... 

1 ni . 
o . 96s 

0.02s 

0.032 

0 . 802 
0.963 
0.748 
0.988 
0.920 
0.832 
0.884 
0 . !m 

0.072 
1.014 
1.000 
0.984 
0.984 

1.001 
0.924 
0.w 
0.844 

0.920 
0.792 
1.016 
0.932 
0.872 
0 . Q40 
0.m 
0.706 
0.760 
0.772 

0 . s40 

0.944 
0.902 
1 . OOO 
1 . W  
1.028 
1.056 

1.080 

1 . IW 
1.132 
1.136 
1.264 
1.164 
1.385 
1.338 
1.300 
1.252 
1 . 2so 

1.212 
1.196 
1.136 
I . 100 
0.992 
1.m 
0.852 
1.108 

1.304 

1.020 

1.356 
1.372 
1.384 
1.360 
1 . 208 
1.436 
I . 324 
1.312 

1.326 
1.348 

1.236 
1.402 
1.424 
1.332 
1.312 

1.308 

1.424 
1.336 
1.512 
1.456 
1.548 
1.760 
1.464 
1.660 
1.516 
1.432 

o . a28 

1 . ~ 8  

o . a60 

1.061-1 

1 . w  

1.416 

I . 488 

~i 
Group 
of 7 . 
... - . 

Mnr . 
0.61 
0.66 

0.04 
0.70 

0.58 
0.74 

0.88 
0.70 
0.77 
0.66 

n . 77 

0 . 79 

0.73 

(1 . 80 
u . 91 
0.74 
(1 . 64 
0.77 
0.73 
0.77 

n . 
0 . 69 

0.61 
0.70 
0.66 
0.74 
11.76 
0.60 
0.69 
0.67 
0.61 
0.59 

0.71 
0.54 
0 . Y4 
0 . s1 
0.97 
0.86 
0.01 
1.00 
0.76 

0.33 
(1.90 
0.87 
0.91 
0 . 00 

0.74 
0.91 

0.84 

n . 76 

o . a7 

0 . a3 

0.00 
0 . s3 
0.76 
0 . so 
0.73 
0.64 
0.73 

0.70 

o . a i  

o . a i  

n . 73 

o . a6 

0 . 70 

o . a7 

0.07 

0 . a6 
0 .so 
0.74 
0.06 

0.09 

1.03 
0 . 00 
0.76 
0.03 

1.00 
1.04 
0.91 
1.m 
0.84 

a . 81 

0.03 
1.00 
1.00 
1.10 
0.80 
1.03 
0.09 
1.06 
1.03 
0.96 

I 

Group Group 
of 7 . . of 2 . 

I! year . I ' . 
I ??us! 

...... - . 

dlm . 
0.50 
0 . .50 
0 . .so 
0 . .55 
0.50 
0.50 
0.50 
0.55 
0.40 
0.70 
0.65 
0.70 

0.55 
0.45 

0.55 
0.65 
0.70 
0.45 

0.45 

0.45 
0.45 
0.50 
0.45 
0.40 
0.55 
0 . i0 
0.70 
0.50 
0.40 

0.60 
0.55 
0.70 
0.70 
0 . ti5 

I1 . ho 
I I  . 90 
I1 . so 
(1 . 75 

I1 . .si I 

0.95 
U . 60 

0.70 

0 . 60 
0 . I 
0.70 
0.45 
u . 65 
0.75 
0.50 
0.55 
0.65 
0.45 

0.70 
0.75 
9.60 
0 . 85 
0.75 
0 .so 
0.75 
0 . 1  
0.75 
0.75 

0.05 
0.75 
0.85 
0.55 
0.60 
1.35 
1.30 
0.1 
0.90 
0.75 

0.80 
0.75 
1.05 
1.25 
0 .so 
1.10 
1.00 

0.95 
0 . so 

n . 55 

n . 40 

n . 00 

n . 70 
n . 80 

n . s 
n . 75 n . !10 

0.70 
n . 75 

0 . a5 

172u ......... I 1 . W  
1719 . . . . . . .  . I  1.456 

1717 ......... 1.348 
1i18 ........ _ I  1.492 

i71n ......... I 1.416 
1715 . . . . . . . . . .  1.(;12 

1710 ......... I 1.568 
1708 ......... 1.436 

1707 ......... I 1.SS-S 

170.5. ........ 1.516 
1704 ......... 1 . 4 3  . 
1703 ......... ! 1.416 
1702 .......... 1.X6.5 
1701 ......... 1:Ii" 

~ioo ......... / . . . . . . . . . . .  
1699 . . . . . . . . . . . . . . . . . . .  
1698 . . . . . . . .  . I . .  . . . . . .  .I 
1697 . . . . . . . . . . . . . . . . . .  
1696 . . . . . . .  ..I.. . . . . . . . .  1 
1695 .................... 
16 M . . . . . . . . . . . . . . . . . . .  
16Y2 ......... 

1708 . . . . . . . . .  1.512 

17013 . . . . . . . . .  1.520 

16Y3 .... . . . . . I . .  . . . . . . . .  
1691 ........ .'. : : : : : : : : : 
imn ........ I . . . . .  
1sJg ......... 1. :: ........ 

. . . . . . . . . . . . . . . . . . .  

16S4 . . . . . . . . . . . . . . . . . . .  
168.3 .... . . . . . I  
1 ~ 1  . . . . . . . . . . . . . . . . . . .  
1130 . . . . . . . . . . . . . . . . . . .  
1679 . . . . . . . .  
1677 . . . . . . . . . . . . . . . . . . .  
lG76 . . . . . . . . . . . . .  
1675 ........ I . . . . . . . . .  
1674 . . . . . . . . . . . . . . . . . . .  
3673 . . . . . . .  ' 

1071 

1670 . . . . . . . . . . . . . . . . . . .  
161i9 .................... 
1668 .................... 
16R7 ......... I . . . . . . . . . .  
16M ......... 
16Ig ........ .I. : : : : : : : 
IWj ........ .'. . . . . . . . . .  
1 1 3  .................... 
16R4 . . . . . . . . . . . . . . . . . . .  
1661 .................. .I 
1 m  . . . . . . . . . . . . . . . . . . .  

1685 ......... ! '  : : : : : : : : : 

1lj7L) ......... I. : : : ... : : : 

1B74 ....... . I . . . . . .  .... 
........ I ' ' ' _ '  " 

1859 . . . . . . . . . . . . . . . . . . .  i 

164s .................... 
1647 .................... 
1646 ................... 1 
1645 . . . . . . . . . . . . . . . . . .  
164.3 ........ _ I '  : : :: :: . . .  

I 1642 
1641 ........ . I  I " ' ' ' ' ' ' ~ ~ ~  
1640 ......... I . . . . . . . . . .  
1639 ........ . ' . . ........ 

1644 ......... I ... 

. . . . . . . . . . . . . . . . . . .  

1631 . . . . . . . . . . . . . . . . . . .  
1630 . . . . . . . .  . I  ......... ~ 

Mnr . 
1.09 
1.13 
1.09 
0.96 
1.00 
1.04 
0 . w 
0.97 
0.93 
0.94 

0.83 
0 . S6 
0.94 
0.81 
0.83 
0 . Y7 
0 . i 6  

0.84 
0.Yl 

0.81 
0 . 84 
0.81 
0.97 
0 . a0 
1.10 
0.99 
0.84 
0.6; 
0 . 8  

0 . s3 
u . 81 
0 .so 
IJ . 76 
0.83 
0 . i o  
0.77 
0 . S i  
U . il 
(1 . i 7  

I I  . sl 
0 . i o  
(1 . 71 
I I  . S i  
U . s.l 
I I  . i 7  
u . b3 
0 . s3 
11 . 80 
I1 . M 

0 . .bo 
0 . s7 
0.97 
0 . 70 
0 . s1 
0.91 
0.77 
0.74 
0.91 
0 . 9ti 

0.93 
0.90 
0 . x!l 
n . 01 
I I  . 79 
0.91 

(1 . s i  
0.84 
0.93 

0 . S6 
0.67 
0 . 84 
0.71 
0.77 
0.79 
0 . 77 
0.80 

0.91 

0.84 
0.70 
0.94 
1.34 
1.21 
1.11 
1.24 
1.14 
1.29 
1.23 

1.47 

n . 73 

1.06 

o . a9 

-~ 
Alm . 

0 .so 
0.90 
0.75 
0.70 
1.15 
0.80 
0 . 85 
0.70 
0.65 

0.85 
0.75 
0.55 
0.95 
(I . 70 
1.15 
0.65 
0 . w 
1.05 
0 . Y5 

0.95 
0.00 
0 . d 
0.90 
0.60 
0.90 
0.85 
0.90 
0 . 75 
0.00 

1.05 
0 . so 
0 . so 
0.75 
0 . i 5  
0 . s5 
1.25 
1.15 
0 . SJ 
0.65 

(1 . io 
U . IWJ 

(1 . 05 
1.(10 

0 . i n  
1.10 
0.65 
U . 60 
0 . ill 
0.95 
0.00 
0.4s 
0.65 
0 . so 
0 . &5 
0 . 60 
0 .SI) 
0.6.5 

0.70 

0 . 4u 
0.65 
0.55 
0.65 
0.75 

0.50 
0.60 

0.55 
0.40 
0.50 
0.40 
0 . io  
0.75 

0.50 
0.75 
0.75 

0.90 
0.65 
1.10 
0.75 
0 . 60 
0 . s5 
1.05 
1.25 
1.20 

1.40 

i . im 

n . ~5 

n . 75 

u . tn 

n . 1i0 

. a . ~  

n . 65 

S P x I 
I Y Year . I 

Group I Group ' Gro:p 11 Groip I Group Group 
of 25 . of 7 . of I . of 7 . . of 2 . 

.. I . .  ........ .. ' 

1629 ................... 
1628 ................... 
1627 ..................... 
1626 ........ .I .......... : 
1625 ........ .I.. ........ 
162.4 ................... 
1658 ................... 
162" ............... 

1620 ................... 
1619 ............... 
1615 ................... 

ltil5 ................... 

1612 ............... 
1811 ............... 
1B10 .................... 
1609 ................... 
1WS ................... 

lW ................... 
I li0.I. .................. 
llw ................... 
1602 .................... 
1601 ................... 
1600 ................... 
1599 .................... 

................... I 

15v3 i 

1596 
1595 ................... 
1594 ................... 
1592 ................... 
1591 ................... 
1590 .................... 
Is89 ................... 
15x8 . . . . . . . . . . . . . . . . . . .  
l j s i . ,  . . . . . . . . . . . . . . . . .  ! 
I5 86 . . . . . . . . . . . . . . . . . . .  
1 5 6  . . . . . . . . . . . . . . . . . .  
1 5 s  . . . . . . . . . . . . . . . . . . .  
15SY . . . . . . . . . . . . . . . . . . .  
15$2 . . . . . . . . . . . . . . . . . .  

................... 

1581 .................... 
15sn . . . . . . . . . . . . . . . . . .  
1579 . . . . . . . . . . . . . . . . . . .  
155s . . . . . . . . . . . . . . . . . . .  
1577 . . . . . . . . . . . . . . . . . . .  
1576 . . . . . . . . . . . . . . . . . .  .I 
1575 . . . . . . . . . . . . . . . . . . .  ' 
1574 . . . . . . . . . . . . . . . . . . .  
15i3 ................... 
157" . . . . . . . . . . . . . . . . . . .  ! 
1571 .................... 
1570 . . . . . . . . . . . . . . . . . . .  
151% . . . . . . . . . . . . . . . . . . .  
1568 . . . . . . . . . . . . . . . . . . .  i 
lli57 . . . . . . . . . . . . . . . . . . .  
156ti . . . . . . . . . . . . . . . . . .  
1565 . . . . . . . . . . . . . . . . . . .  
1563 . . . . . . . . . . . . . . . . . . .  i 
1563 . . . . . . . . . . . . . . . . . . .  
1 5 1  ........ .I . . . . . . . . .  
1561 . . . . . . . . . . . . . . . . . . .  
I 5 m  . . . . . . . . . . . . . . . . . . .  
1550 ........ .I 
1558 .........I : 1: : : . .  : : 
1557 .................... 
1555 . . . . . . . . . . . . . . . . . .  
1554 . . . . . . . . . . . . . . . . . . .  
1553 . . . . . . . . . . . . . . . . . . .  
1552 . . . . . . . . . . . . . . . . . . .  
1551 . . . . . . . . . . . . . . . . . . .  

... 
1.24 
1.00 
1.i13 
1 . 17 
I . I l i  
1.116 

1.37 
1.30 
1.31 
1.W 
1.46 
1.14 
I . 13 
1.11 
1.43 
1.23 

1.17 
1.17 
I . 36 
1 . 39 
1.37 
1.37 
1.31 
1.11 
1.20 
1.30 

1.14 
1.24 
1.43 
1.37 
1 . I l l  
1.01 
I1 . s7 
I )  . 97 
1 . 10 
1 . 111 
1.31 
I . "li 
II . $:I 
1 . I 1  
1.3:; 
1.34 
1.61 
I . 43 
1.94 
1.49 

1 . 5 i  
I . I9  
1.Bi 
1.68 
1.40 
1.54 
I . 64 
1.53 
1 . w 
1 . 4 i  

1.16 
1.66 
1.53 
1.57 
1 . Z  
1.44 
1.51 
1 . M I  
1 .MI  
1.36 

1 .SI 
1 . ilJ 
1.4; 
1 . M 
1.40 
1.30 
1.26 
1.27 
1.36 
1.17 

1548 .................. .I. . . ....... 
1547 .............................. 
1546 ............................ 
1545 . . . . . . . . . . . . . . . . . . .  .I ........ 
1544 ................. ~ ......... 
1543 ............................. 
1542 ............................. 
1541 ........................ 

i 
1540 ............................. 
1539 ............................. 
1538 .............................. 

hlin . 
1.05 
0.70 
1.00 
1.10 

0.85 
1.05 
1.15 
1.30 

1.15 
1.05 
1.20 
0 . 80 
1.05 
1.05 . 0.75 
n . 70 
1.15 
1 . 3  

1.00 
1.W 
1.05 
1.10 
1.25 
1.05 
0.85 
0.85 
1.55 
1.10 

1.10 
0.90 
I . IO 
0.95 

I) . so 
0.50 u . MI 
0 . !I5 
0 . su 
0.75 
0.35 
I1 . i 0  
I) . 70 
0.7u 
1.05 
1.20 
0 . no 
1.G5 
0 . w 
U . 65 
II . w 
0.40 
0 . M 
0.65 
0.80 
1.05 
0.9) 
11.85 
1 . U5 

1.2u 
1.20 
1.20 
1.30 
0.75 
0.90 
1.15 
0.45 
0.95 
0.60 

0 . $5 
1.10 
0.50 
0.50 
0.75 
0.00 
1.15 
0 . 1 
0.65 
0.60 

0.55 
0.95 
0 . 55 
0.70 
0.75 
0.80 
0.85 
0.70 
0.40 
0.70 

0.75 
0.65 
0.55 

n . 50 

n . 05 

iUm . film . 
1537 ............................. 

1534 .................. .'. ......... 
1533 ............................. 
1532 ............................. 
1531 ............................. 
1530 ............................ 
1529 ............................. 
15% ............................. 
1527 ............................. 
1526 .............................. 
1525 ............................. 
1524 ............................. 
1523 ............................. 
1524 ............................. 
1521 ............................. 
1520 ............................. 
1519 ............................. 
151s ............................. 
1517 ............................. 
1516 ............................. 
1515 ............................ 
1514 ........................... 
1513 ............................. 
1514 ............................. 
1511 ............................. 
1510 ............................. 
1509 ............................. 
15133 ............................. 

1504 ........ .I.. ................... 
1503 ............................. 
1502 ............................ 
1501. ....... .'.. . . . . . . . . . . . . . . . . .  
1500 ............................. 
1499 ............................. 
149s ............................ 
1497 ............................. 
14YG ............................. 
1495 ............................ 
1494 ............................. 
149.3 .............................. 
1492 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14!11 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1480 ............................. 
144s ............................. 

iisn ............................. 

11s4 ............................. 
14S3 ............................. 1 

1482 ............................. 
1481. .............................. 
14so ............................. 
1479 ............................. 

1475 .............................. 
1474 ............................. 
1453 ............................. 
1475 ............................. 
14il  ............................. 
14iO ............................. 
1469 ............................. 
141s ............................. 
1467 ............................. 
1466 ............................. 
1465 ............................. 
1464 ............................. 
141%'. ............................ 
1462 ............................. 
1461 ............................. 
1460 ............................. 
1450 ............................. 
1458 .............................. 
1457 ............................. 
1456 ............................. 
1455 ............................. 
1454 ............................. 
1453 ............................. 
1452 ......................... 
1451 ......................... 

1449 ............................. 
1448 ............................. 
1447 ............................ 
1446 ............................. 

........................ 

... 

Mt?l . 
0.50 
0.55 
0.80 
0 .so 
0.85 
0.50 
1.05 

0.85 
0.85 
0.85 
0.90 
0.55 
0.60 
1.15 
0.80 
0.60 
1.25 

0.75 
0.65 
1.25 
1.10 
1.05 
0.70 
1.20 
0.90 
1.80 
1.45 

1.10 
1.30 
0. w) 
0.85 
1.30 
0.70 
1.35 
1.30 
1.90 
1.10 

1.55 
1.25 
1.25 
1.30 
1.10 
0.90 
1.15 
0.80 
1.10 
0.75 

1.50 
0.85 
1.20 

0.85 
0.75 
1.40 
1.55 
1.25 
0.75 

0.95 
1.45 
1.25 
0.80 
1.40 
1.45 
1.75 
1.55 
1.40 
1.05 

1.55 
1.30 
1.00 
0.95 
1.10 
0.90 
1.20 
1.05 
0.85 
1.20 

0.80 
1.20 
1.10 

1.80 
0.95 
0.90 
1.15 
1.10 
1.25 

0.80 
0 .Bo 
1.20 

.. 20 

1.a0 

0.85 

!.20 
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TABLE 2.-Aaerage of the yearly rou$h, &.-Continued. 

-_I. .--I . I Mm. I Mm. 
1445.. ............................ 
1444.. ........................... 
1443.. ................. I.. ........ 
1442. ............................ .................. 1441.. 

1440. ............................ 
w n . .  .I 
1438. ............................ 
1437.. ........................... 
1438.. ................. .I.. ........ 
1435.. 
1151.. 
1435.. 
1433.. 
1431.. 
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SQUALLS AND THUNDERSTORMS. 
By J. LOISEL, D. 6s S. Dated. Observatory of Juvlsy. 

[Translated from La Nature, 1909, 87:105-5, by C. ABBE. jr.] 

Half a century ago thunderstorms were believed to be essea- 
tially local phenoniena not subject to any [general] law. It 
was not until it had been shown that the majority of these 
storms travelled in a definite direction that a distinction was 
made between thunderstorms accompanying barometric lows 
and local or heat thunderstorms. I shall here confine myself 
to the consideration of the fornier class only. This class has 
been the object of researches by a large number of nieteor- 
ologists: Man;-Davy, Mohn and Hildebrandaaon, Abercromby, 
Ley, Ksppen, Ferrari, von Bezold, Prohaska, and others. Each 
has untangled a portion of the truth, but to the French nieteo- 
rologist, E. Durand-GrEville,’ belongs unquestionably the 
credit for having sharpened the previously somewhat vague and 
indistinctly connected ideas, ancl for having adequately cor- 
related the authentically verified facts bearing on this subject. 
He showed that the “ cyclonic ” thunderstorms are but an 
accessory result of a body of extremely complex phenoniena- 
an organism one may call it-the squall (le grnin), which is 
subject to k e d  laws and forms an integral part of certain lows. 
He further showed that these constitute a regular incident, 
subject to definite laws, in the general circulation of the atmo- 
sphere. 

The thunderstorm is a thundersquall (un grain orugem). 

FIQ. l.-Pressure chart of meatem Europe, morning of March 12, 1906. 

E. Durand-Grhville: Lee grains et lee oragea. Bur. cent,. mCt. de France, 
1892; and Comptea rendua, 9 a d ,  1894. 
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Fig. 1 exhibit8 the barometric conditions prevailing over 
western Europe on the morning of March 12, 1906, with a 
barometric depression o r p w  of regular outline central just 
south of Christiania. 111-certain lows, however, the isobars 
insteacl of curving so regularly present a zigzag at one or more 
points and Durmd-GrGville has called this the ‘‘squad sigzag” 
(zigzag de grain). Figure 3 shows in a diagrammatic but accu- 

FIG. 2.-The eastward displacement of a “squall zone” (k ruban de vain). 

rate manner the details of this distortion of the isobars. The 
narrow band included between the dottecl lines constitutes the 
“squall zone” (le rubun de grain). It starts in the vicinity of 
the center of the barometric depression or low and usually 
extends out to its boundary, thus having a length of 2,000 
kilometers (1,243 miles), or even more a t  times, while its width 
varies from 10 to 80 or 100 kilometers (6 to 62 miles). The 
“squall zone,” while remaining parallel to itself, moves across 
the country with its “low.” If the depression moves eastward 
the “zone” follows it, perhaps gradually accentuating its con- 
vexity eastward as shown in the two maps of fig. 2. If the low 
retreats westward the zone retrogrades with it, as shown in fig. 
4. If the low remains stationary, however, the “squall zone” 
does not necessarily follow suit; in the majority of cases it 
swings around the center of the depression. 

-Course of the isobars within the “squa- Lone.” 

A general review of all the observed facts shows that the 
passage of a “squall zone” past each place is accompanied by 
the concomitant productiqn of a certain number of phenomena 
which occur only within the limits of the zone. They begin a t  
the moment when the “squall front” (Zigne de gruin) of the 
“squall zone” reaches the place of observation, they rapidly 
attain their maximum intensity, and then gradually weaken 
and die out as the rear of the zone passes and normal conditions 
become reestablished. But these accompanying phenomena 
may be more or less numerous, whence result many varieties of 
“squalls,” each characterized by its appropriate phenomena. 

We shall see that the phenomena observed during the passage 
of a squall are actually the results of two causes, one of these, 
the squall wind, is purely dynamic, preexistant, and may be of 
distant origin, the other is the local condition of the atmos- 
phere and is static. 


